Recently Cui et al. 1 reported on the fabrication a p-n homojunction perovskite solar cell (PSC) using stoichiometric control of sequentially-deposited perovskite layers. The authors propose that the junction leads to an enhanced electric field in the perovskite absorber resulting in improved charge separation. In this work we show that the data presented in the paper does not directly support this claim. Furthermore, Cui et al.'s thesis is not compatible with the large body of existing literature showing that mobile ionic defects present in methylammonium lead iodide (MAPI) and its derivatives are highly mobile at room temperature. Using drift diffusion device simulations we show that large densities of mobile ionic charge in the system are likely to the screen any beneficial effects of a p-n homojunction.
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A comparison of the electric field strength difference calculated from the crosssectional Kelvin probe force microscopy (KPFM) data presented by Cui et al. for the homojunction versus the undoped control device (reproduced in Supplementary Figure 1) indicates a field reduction, by approximately a factor of 2 at forward bias, rather than an enhancement as suggested on pp. 154. While a direct comparison of these data is already questionable since the undoped control sample included transport layers not present in the homojunction KPFM sample (despite the homojunction solar cell using transport layers), the data does not support their claim that the electric field is enhanced by the homojunction. Additional issues regarding the conclusions drawn from the experimental data are discussed in Supplementary Note 1.
We now consider how mobile ionic charge would affect the electric field at a junction formed between p-and n-type perovskite materials. There is overwhelming experimental and theoretical evidence that high concentrations of mobile ionic defects are present in lead-halide perovskites. [2] [3] [4] [5] Further references to support this position can be found in Supplementary Note 2. This includes PSCs that do not show current-voltage (J-V) hysteresis at standard laboratory scan rates (~1 mVs -1 to ~100 mVs -1 ). [6] [7] [8] Previous works suggest that PSCs can only be accurately simulated by models that include mobile ionic charge. 7, [11] [12] [13] [14] [15] As such, it is unlikely that the simulations presented by Cui et al. (Cui et al. Figure 2c and Supplementary Figure 4) meaningfully predict the physics of their devices. To test the possibility that charge separation could be enhanced by the built-in field of a perovskite homojunction we simulated devices with and without mobile ions using our open source device simulation tool Driftfusion. 16, 17 We consider four doping schemes in the perovskite absorber layer: 1. An intrinsic (undoped) layer throughout; 2. A p-n homojunction; 3. n-type throughout (donor density, ND = 3 x 10 17 cm -3 ); 4. A p-n junction with mobile ionised donors (ND = 3 x 10 17 cm -3 ). In all devices the perovskite layer is sandwiched by electron and hole selective contacts simulating TiO2 and spiro-OMeTAD respectively. Where additional mobile ions are simulated, charge-neutral Schottky defects with a density of Nion The carrier densities in Figure 2b indicate that any p-n doping is effectively screened by the redistribution of mobile ionic charge. The recombinationlimiting factor in all cases is the hole density, evidenced by the observation that the SRH recombination rate profiles mirror those of the holes. Any enhancement to the VOC is therefore a direct result of minimisation of the minority carrier concentration in the perovskite layer. This accounts for why n-type doping of the perovskite in the simulated devices without ions leads to a greater enhancement As far as possible we have used the parameters given in Cui et al Supplementary  Tables 3 and 4 . 3 Recombination parameters and models were not given in the paper or provided on request so our approach is as follows: Table 4 and Supplementary Table 5 , where the doping and eDOS are equal. 2. We assume that the Fermi level of the metal electrodes, which define the electric potential boundary conditions of the system, are at the same level as those of the associated selective contact materials at equilibrium (i.e. the metal electrodes form Ohmic contacts with n-type TiO2 and p-type spiro-OMeTAD).
The full set of parameters used in the device simulations can be found in Supplementary Table 1 and Supplementary Table 2 .
We note that our simulations do not show the same accumulation of holes in the absorber layer and depletion of electrons in the Titanium dioxide (TiO2) under short circuit conditions ( Supplementary Figures 2a and 2b) as seen in Cui et al. Supplementary Figures 4c and 4d . The p-type nature of the perovskite layer in Cui et al may be due to the trapping model used for the simulations although since the details of the model have been omitted from the text we are unable to speculate further on its origin here.
Where devices are illuminated, the AM 1.5G solar spectrum is used to calculate a Beer-Lambert generation profile 2 using complex refractive index data from Ref 7 .
Simulation scan protocol
Devices are preconditioned at equilibrium. A cyclic voltage scan is then performed from 0 V -1.2 V -0 V at a scan rate of 1 mVs-1, sufficiently slow that the ionic distribution is close to a dynamic equilibrium. 
XPS Workfunction measurements
The normalised XPS data for PbI2/MAI = 1.05 and PbI2/MAI = 1.1 appear to be very similar (Cui et al. Figure 3a , red and black curves respectively). The extrapolated workfunction shift here is highly dependent on the choice of the fitting range.
The schematics in Cui et al. Figure 3b show the conduction band at -3.9 eV yet the difference from the Fermi level for the three PbI2/MAI ratios places it at -3.75 eV.
KPFM Resolution
The spatial resolution of the KPFM measurement appears to limit the accuracy of estimates regarding location of the maximum field strength. This is evidenced by data showing an electric field penetrating >200 nm inside the Au regions of the devices under different bias conditions (Cui et al. Figure 4e and Supplementary  Figure 12b ). Since electric fields are not expected to extend beyond the surface of a metal, we assume that the observed field is an artefact arising from a combination of the tip size (25 nm), lateral averaging, and postprocessing/smoothing of the data. Notwithstanding, the 2-dimensional KPFM data given in Supplementary Figures 10b -10f does show a clear demarcation between p-and n-type perovskite layers. As the authors highlight, KPFM is a surface measurement and will be dominated by surface polarisation up to a depth of the screening length in any particular material. To mitigate this, the authors use a difference method and assume that the surface polarisation remains constant under different bias conditions. 8 However, we know that the devices take > 20 s to stabilise at maximum power point. This is a signature for large changes in the accumulation of mobile ionic charge in the device that are highly likely to simultaneously change the surface polarisation state of the crosssection.
Time-resolved photoluminescence recombination model
Cui et al. apply a recombination model to time-resolved photoluminescence (TRPL) measurements on FTO/perovskite/PMMA trilayers to extract a trap assisted recombination lifetime in the homojunction versus an 'n-type' perovskite layer (Cui et al. Figure 3d ). TRPL on perovskite/selective contact bilayers has previously been successfully used to measure the diffusion coefficient of charge carriers collected from perovskite layers 91011 (i.e. charge transport). The application of a recombination model in this instance is therefore not appropriate.
Supplementary note 2: Further references on ion migration in perovskites
Further evidence for ion migration in lead-halide perovskites can be found in references [12] [13] [14] [15] [16] [17] [18] . 
Simulation parameters

